IF, in a three-point linkage test, all four triply heterozygous genotypes are used in parallel, the data, after summing complementary genotypes from each cross, take the form of a Latin Square, in which the columns may represent the modes of gamete formation (cross-over classes), the relative frequencies of which it is desired to estimate, the rows may be the four parallel tests, while the letters stand for the four pairs of complementary genotypes obtained in each
test.
An overall x2 test with nine degrees of freedom is, of course, available to detect non-proportionality of the entries in the rows and columns, such as unequal viability of the pairs of genotypes might be expected to produce. We may, however, aim at a more specific test of the three degrees of freedom represented by possibly different viabilities of the four classes of offspring. A simple, though crude, test of this kind was suggested by the author to M. E. Wright, for the test involving sex, wavy and shaker in the sex chromosome of the house mouse. It is the object of the present note to set out an accurate x2 test for such a case.
Wright's data, including 453 mice bred, are shown in this form below for three degrees of freedom. This is exceptionally small, and leaves no ground for suspecting any viability disturbance. Its very smallness, however, arouses some suspicion that it may be theoretically invalid, and indeed on reflection it appears likely that some part of the chance variations in numbers of the different pairs of genotypes may have been compensated in adjusting the expectations from the totals of the rows and columns. The exact treatment of the problem in which the frequencies are affected by arbitrary viability differences, and in which the expectations are therefore the products of three unknown factors, offers exceptional algebraic difficulty. An exact test of significance for disturbance of viability, which a priori is always to be suspected in such data, is, however, a real need, so that without elaborate algebraic discussion it may be useful to set out such a test, and to illustrate it on these data. This is the covariance matrix, subject to fixed marginal totals, of scores for parameters of differential viability derivable from the deviations in table 4, as follows :-
Inverting the matrix to supply multipliers, and for convenience multiplying by 1000, we have :- •o066715
-0003676
22590560
The sums of the products of the scores with the corresponding rows of any column now give estimates of viability differences corresponding with the scores, and the sum of the products of scores and estimates supplies the x2 needed for testing significance for three degrees of freedom. Wright's conclusion that the viability disturbances are negligible is thus confirmed by a more exact analysis. The value of x2 is only a trifle greater than before.
The estimates obtainable by this method evidently supply material for a first correction of the column factors appropriate to small but significant differences in viability. I am not satisfied how this can best be done, and the present example, with no sign of genuine viability disturbance, is not suitable for exhibiting the methods that might be used. 
and for the row factors
The adjustments in the column factors vanish if the row totals a, b, c and d are all equal, the ideal condition in the absence of differential viability, and are small if they are nearly equal, as in the example. Numerically, for the four columns they are :- Increasing the natural logarithms of the observed totals by these amounts, adding and dividing by the total, we have percentage estimates of the frequencies of the four modes of gamete formation, agreeing closely with those obtained without adjustment, i.e. :- is not to be explained by anything in the nature of viability differences among the genotypes.
Finally, that this method, while not providing a perfect fit, goes some way towards doing so may be seen by reconstructing the whole table of expectations, using the logarithmic adjustments explained above. We find then :- The aim of the viability adjustments has been to bring the expected totals for genotypes into agreement with the numbers observed. The extent to which this has been accomplished is shown below :- The largest discrepancy has been reduced about sixty-fold, and this without introducing any crying discrepancy in the totals for rows and columns. Generally speaking the viability corrections appear to have been slightly in excess of what was needed.
Obviously, in this example, the correction of viability disturbances, which are far from significant, is of no practical value. The method, however, seems to be serviceable, in the absence of a more exact approach, in cases in which small though real viability differences are suspected.
